. [ iilql COSB -(6; -sin 0) I i [Gl core + (7: -sin 8) 1
where 0 represents thc angle of incidence and fil =nl -ikl, 9, =n,, -ikll are the principal complex refractive indices.
The Fresnel coefficients of relations ( 1 ) and (2) are related to the ellipsometric parameters A and Y as 6 = (? /> ) = tanY.exp(jd).
P s
For a certain wave-length X and for M measurements under Oi(i=l,?,..,M) different angles of incidence the following non-linear relations will be derived: 
J O U R N A L DE PHYSlQUE e x p e r i m e n t a l e r r o r s and t o t h e n o n -l i n e a r i t y o f t h e s e r e l a t i o n s , f o r t h e d c t e r m i n at i o n o f t h e p a r a m e t e r s v e c t o r A , it is n e c e s s a r y t o a p p l y a n i t e r a t i o n mcthod t o t h e r r o r f u n c t i o n G(A) / 6 / .
For t h e s o l u t i o n o f t h e problem i t i s n e c e s s a r y t o know t h e s e n s i t i v i t y o f G(A) i n i t s minimum r e g i o n a s w e l l a s t h e mode o f i t s change f o r c e r t a i n d c f i n i t c v a l u e s o f p a r a m e t e r s ak / 7 / . Such a n a n a l y s i s c a n b e made w i t h t h e a i d o f a q u a d r a t i c form o f t h e T a y l o r e x p a n s i o n o f t h e f u n c t i o n G(A) around t h e r e g i o n o f t h e b e s t v a l u e A , i . e .
where I i . .(A) r e p r e s e n t s t h e i j c l e m e n t o f H e s s i a n m a t r i x / 6 / .
1J
I n f i g . (1) t h e c r o s s -s e c t i o n s G(ak) a r e p r e s e n t e d when a l l t h e p a r a m e t e r s e x c e p t ak a r e f i x e d a t A*. C o n t o u r s o f G(A) combined w i t h t h e c r o s s -s c c t i o n s G(a ) c o m p l e t e thc p i c t u r e o f i t s b e h a v i o u r i n a n e x t e n d e d a r e a around t h e b e s t v a l u e A * . k~h e informat i o n o b t a i n e d i n t h i s way f o r t h e b c h a v i o u r o f f u n c t i o n G(A) mainly i n t h e a r e a o f t h e b e s t v a l u c o f G(A*) c a n b c u s e d i n o r d e r t o choose t h e b c s t a l g o r i t h m f o r a c e r t a i n o b j e c t i v e f u n c t i o n (;(A).
I n t h e c a s e o f a l a y e r compound w i t h o p t i c a l c o n s t a n t s a k ( n L , k l , n l , k l l ) we o b t a i n t h e c u r v e s o f f i g . 'The programme we a p p l i e d f o r t h e d e t e r m i n a t i o n o f t h e parameters (nl , kL .rill ,kll ) was t h e MINIUT /9/. I t c o n s i s t s o f t h r e e d i f f e r e n t m i n i m i z a t i o n methods which c a n b c a p p l i e d q u i t e i n d e p e n d e n t l y and by which wc c a n overcome t h
e main d i f f i c u l t i e s f o r t h e d e t e r m i n a t i o n o f t h e p a r a m e t e r s (nl ,kL ,nil , k l l ) i . e . t h e i n i t i a l v a l u e s o f t h e p a -
r a m e t e r s , t h e weak dependence o f t h e e l l i p s o m e t r i c a n g l e s A and +' / 1 , 2 / on t h e p a r am e t e r s 1 1 ,kli and f i n a l l y t h e "bad'' b e h a v i o u r o f t h e f u n c t i o n G(ak) where a =TI ,kk.
Each o n c o f t h e t h r c e m i n i m i z a t i o n methods we used f o l l o w s a c e r t a i n p r o c c $ u r e . T e first one which i s a Monte C a r l o /9/ method i s a p p l i e d f o r t h e i n i t i a l m ' n ' m i z a t i o n o f t h e f u n c t i o n , s o t h a t t h e r e q u i r e m e n t f o r t h e c l o s e s t i n i t i a l v a l u c A t o f o f t h e v e c t o r p a r a m e t e r A t o t h e A* i s n o t n c c e s s a r y , e s p e c i a l l y f o r t h e most p r o b l e m a t i c p a r a m e t e r s rill and kll. T h i s mcthod l i m i t s t h e p a r a m e t e r v e c t o r A t o t h e c l o s e s t poss i b l e a r e a around A , r e d u c i n g t h e v a l u e o f t h e f u n c t i o n G(A) t o a g r e a t e x t e n t . The second method, t h e o n e o f N e l d e r and Mead / 6 / , i s a s a f e and q u i t c r a p i d method when we a r e f a r from t h e minlmum and c a n be a p p l i e d f o r convergcnce t o t h e e x a c t minimum. I n t h e c a s e o f o u r f u n c t i o n G ( A ) t h i s method g i v e s v e r y good v a l u e s t o t h e p a r a m c t c r v e c t o r A and c o n s e q u e n t l y a v c r y s m a l l v a l u e t o t h e f u n c t i o n G(A), n e c e s s a r y f o r t h e good e s t i m a t i o n o f a l l t h e p a r a m e t e r s . The t h i r d method, t h c method o f F l e t c h e r / l o / , i s r a p i d around a minimum o r a n e a r l y q u a d r a t i c a r e a a l t h o u g h s l o w e r i n t h c c a s e o f a "badly1' behavcd f u n c t i o n / h / . T h i s method g i v e s v e r y good r e s u l t s f o r a l l t h e par a m e t e r s i f t h e v a l u e o f G(A) is v c r y s m a l l when t h c f i r s t i t e r a t i o n c y c l e b e g i n s and t h u s t h e p a r a m e t e r v c c t o r A i s v e r y c l o s e t o A * . T h i s c a n be a c h i e v e d by t h e two former m i n i m i z a t i o n methods.
I I -EXPERIMENTAL PROCEDURE AND RESIII.I'S.
For t h e e l l i p s o m e t r i c measurcmcnts a 8-Case c r y s t a l o f 6x6x0,2 mm h a s been used.The back s i d e o f . t h e c r y s t a l was made rough and b l a c k e n e d t o p r e v e n t u n d e s i r e d r e f l e c t i o n . E l l i p s o m e t r i c measurements were pcrformcd u s i n g s t a n d a r d t e c h n i q u e s on a G a c r t n e r L-119X e l l i p s o m e t e r i n t h e PCSA c o n f i g u r a t i o n . A s t h e measurements had t o b e rclcascld by a s many e r r o r s a s p o s s i b l e , i t was n c c e s s a r y t o d c v e l o p s u i t a b l e p r o c e d u r e s f o r t h e a l i g n e m e n t and c a l i b r a t i o n o f t h e e l l i p s o m e t e r / 1 1 , 1 2 / . A s p e c i a l a t t e n t i o n was p a i d i n t h e t u n i n g o f f t h e B a b i n e t -S o l e i l compensator f o r e x a c t q u a r t e r wave r e t a rd a t i o n / 1 3 / . T h u s , t h e r e a d i n g s were t a k e n i n f o u r zones t o c o r r e c t a l l d e v i a t o n s and e r r o r s . F o r measurements i n t h e 3600 -6800 R wavelength r e g i o n t h e e l l i p s o m e t e r was equipped w i t h a Halogen lamp and a s c t o f i n t e r f e r e n c e f i l t e r s , o f FWHM between 20 t o 50 8. ' The a n g l e s o f i n c i d e n c e i n t h e e l l i p s o m c t r i c measurements, c o v e r c d t h e r a n g e F i g . 1 -Cross s c c t i o n s of t h e e r r o r function.
F i g . 2 -Thc c o r r e c t c d o p t i c a l con-(H) f o r n parameter, (*)
f o r kl parames t a n t s nl ,kL and rill , kll o f B-GaSc a t t c r and (A) f o r rill paramcter and ( -1 f o r kII. room tcmperatllre. from 40' t o 7 0~. IJsually f i v e measurements wcrc made f o r each wavelength 171e f o u r o p t i c a l c o n s t a n t s f o r each wavelenth can b e determined from t h e f i v e measur e d e l l i p s o m e t r i c a n g l e s (Ai "iJi), corresponding t o t h e d i f f e r e n t angles of incidence ei.
The c a l c u l a t i o n of t h e f o u r o p t i c a l c o n s t a n t s ( n l , k l , n~l , k l l ) c o n s i s t s e s s e n t i a l l y o f successively minimizing t h c G(A) f u n c t i o n . An i n i t i a l value no and kf' f o r t h i s calcui! l a t i o n was computed from t h e e q u a t i o n iio = NotanB.(l -16.si,n B i / ( l + 6 i ) 2 ) 4 , withont t a k i n g i n t o account t h e a n i s o t r o p y o f t h e m a t e r i a i . 'This i s t r u c f o r a f i r s t o r d e r approximation. A d i f f i c u l t y appeared in t h e i n i t i a l v a l u e s o f nf,kl;): 'So c a l c u l a t e t h o s e two, e s p e c i a l l y i n t h e r e g i o n o f wavelengths ovcr t h e absorption edgc o r under t h e encryy gap v a l u e , whcrc t h c v a l u e s o f kl,kl a r e much s m a l l c r than t h e r e s p e c t i v e v a l u e s of t h e r e f r a c t i v e i n d i c e s , i t i s t o apply t h e mcthod of t r a n s m i t t i n g beam under v a r i o u s o b l i q u e a n g l e s of incidence and m u l t i p l e reflections. From t h e ~llaxima and minima of t r a n s m i t t a n c e Ts(B) and T (B), i t i s p o s s i b l e t o c a l c u l a t e t h e P v a l u e s of t h e corlstants nl ,rill, t h e t h i c k n e s s e s o f t h e c r y s t a l s and t o evaluate kl a n d k l l . S i n c e t h e R-GaSe i s transparerlt f o r l i g h t near X~6300 a ( f i g . 2) t h e d e v i a t i o n s of A
from 180°, must bc due t o an u n c o n t r o l l e d o v e r l a y e r , always p r e s e n t i n a i r . Also water was found t o be adsorbed p t l y s i c a l l y . Thus, a c l e a n s u r f a c e exposed t o a i r would t a k e up s e v e r a l monolayers o f water I n a few hours / 3 / .
We c a l c u l a t e d t h e four parameters nl ,rill ,kl ,kll f o r each wavelerlgth twice. Thc f i r s t t i m e wc supposed t h a t t h c GaSc s u r f a c e was f r e e o f t h a t o v e r l a y e r and s o wc a p p l i e d t h e minimizing method, given by t h c G(A) f u n c t i o n .
I n t h a t c a s c t h c v e c t o r of t h e paramcters was A=(n1 ,kl ,? ,kll)T. The second t i m e we supposed t h a t on t h e B-GaSc s u r f a c c was formcd an isotropic, homogeneous d i e l e c t r i c f i l m / 3 / , w i t h a r e f r a c t i o n index N1 Then, i n t h e (;(A) functiorl, t h e v e c t o r o f t h e parameters was A=(nl ,kl , n~l ,
where d i s t h c t h i c k n e s s o f t h e l a y e r f o r which d <A. I n t h a t c a s e we r egarded t h a t t h e kll parameter was uneft'ectedfrom t h e o v e r l a y e r and s o we reduccd t h e dimension o f t h e v e c t o r A i n o r d e r t o rninimizc e a s i l y t h e f u n c t i o n G(A). Afterwards we c o r r e c t c d t h e kll parameter which was n o t changed because o f t h e o v c r l a y c r .
The c o r r e c t o p t i c a l c o n s t a n t s a r e c a l c u l a t e d by t h i s procedure a s shown i r~ f i g . 2.
The d e v i a t i o n i n kl parameter was 0.07 a t s h o r t e r wavelengths and 0 . 0 5 a t longer wav e l e n g t h s ( a t t r a n s p a r e n t r e g i o n ) . A s i m i l a r change was n o t i c e d a l s o f o r t h e nl parameter. While f o r t h e parameters yl and k l l . t h e r e s p e c t i v e d e v i a t i o n was w i t h i n t h e l i m i t o f e s t i m a t i o n e r r o r . F u l l d e t a i l s w i l l b e given elsewhere; we i n d i c a t e h e r e only t h e e s s e n t i a l r e s u l t s . The c a l c u l a t i o n of n k y ,kll,,. was good even f o r any random e r r o r of t h e c l l i p s o m e t r i c a n g l e s 6 A : , 6 ' :
Ihe minimizing method we used was good f o r M=3 in case we d i d n o t regard a tfiin f i l m . The e r r o r i n t h e ellipsomet r i c a n g l e A?, because o f a produccd o v e r l a y e r &A? i n c r e a s e s with i n c r e a s i n g a n g l e of incidcnce'and approaches t h e p r i n c i p a l a n g l e o t ' i n c i d e n c e . A comparison o f t h e p r e s e n t nl, rill and kl ,kl, values v e r s u s X with p r e v i o u s l y published r e s u l t s shows t h a t t h e p r e s e n t work agrees with t h e d a t a o b t a i n e d by Meyer e t a 1 /3/, T o u l e t e l a1 /14/ and Akhundov e t a 1 /15/. D i f f e r e n c e s i n kl below t h e 3eV (-4200 a) energy, between o u r r e s u l t s and t h o s e o f hleycr / 3 / may be due t o the d i f f e r e n t growth method o f GaSe and t o t h e d i f f e r e n t t r e a t m e n t o f t h e s u r f a c e l a y e r .
-CONCLUSIONS.
The p r e s e n t work demonstrates how c l l i p s o m e t r y , o n a s u r f a c e p e r p e n d i c u l a r t o t h e o p t i c a l a x i s c , can be used t o determine t h e o p t i c a l c o n s t a n t s o f a c r y s t a l with u n i a x i a l symmetry, in t h e case that in the prvgrammc a s u i t a b l e and e f f i c i e n t a l g o r i t h m w i l l be used. By measuring on a s u r f a c e , s o u r c e s f o r s y s t e m a t i c e r r o r s might b e e a s i l y c o n t r o l l e d . To o b t a i n a c c e p t a b l e s o l u t i o n s , t h e requirements on i n i t i a l e s t imations o f t h e unknown parameters rill and kll a r c i m p o r t a n t . 
t i o n . In t h a t c a s e we should a l s o t a k e i t i n t o c o n s i d e r a t i o n f o r t h e a c c u r a t e c a l c u l a t i o n o f t h e o p t i c a l p a r a m e t e r s . Our r e s u l t s f o r GaSe a r c i n good agreement w i t h p r e v i o u s l y pilblished d a t a .
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